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In the crystal structure of the title binuclear complex,
[Cu2(CH3COO)4(C13H14N2)2], the four acetate groups each
bridge a pair of Cu
II atoms. The coordination of the metal
atoms is distorted square-pyramidal, with the bonding O
atoms comprising a square basal plane and the coordinating N
atom of the N-heterocycle occupying the apical position. In
the two N-hetercycle ligands, the benzene rings are twisted
with respect to the pyridine rings, making dihedral angles of
53.1 (2) and 54.2 (2) . Intramolecular N—H   O hydrogen
bonding is present between the imino and carboxy groups. The
crystal studied was a non-merohedral twin with a minor twin
component of 21.4%.
Related literature
For the 2-(m-tolylamino)pyridine adduct, see: Fairuz et al.
(2009). For the treatment of diffraction data of twinned crys-
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Hydrogen-bond geometry (A ˚ ,  ).
D—H   AD —H H   AD    AD —H   A
N2—H2   O1 0.86 1.99 2.830 (6) 165
N4—H4   O3 0.86 2.18 2.964 (8) 152
Data collection: APEX2 (Bruker, 2008); cell reﬁnement: SAINT
(Bruker, 2008); data reduction: SAINT; program(s) used to solve
structure: SHELXS97 (Sheldrick, 2008); program(s) used to reﬁne
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: X-
SEED (Barbour, 2001); software used to prepare material for
publication: publCIF (Westrip, 2010).
We thank the University of Malaya (grant No. RG027/
09AFR, PS374/09 A) for supporting this study.
Supplementary data and ﬁgures for this paper are available from the
IUCr electronic archives (Reference: XU2709).
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Tetra- -acetato- 8O:O'-bis{[4-methyl-2-(m-tolylamino)pyridine- N]copper(II)}
Z. A. Fairuz, Z. Aiyub, Z. Abdullah and S. W. Ng
Experimental
Copper acetate (0.1 g, 0.5 mmol) was dissolved in acetonitrile (5 ml). The solution was mixed with a solution of 4-methyl-
2-(m-tolylamino)pyridine (0.2 g, 1.1 mmol) dissolved in acetonitrile (15 ml). The green precipitate that formed was recrys-
tallized from acetonitrile to give greenish-blue crystals.
Refinement
Carbon-bound H-atoms were placed in calculated positions (C–H 0.93–0.96 Å) and were included in the refinement in the
riding model approximation, with U(H) set to 1.2–1.5U(C). The imino H-atoms were similarly treated. The final difference
Fourier map had a peak in the vicinity of H14b.
The structure is a non-merohedral twin. Another crystal that was examined also show twinning. The diffraction data were
detwinned by using PLATON (Spek, 2003).
Figures
Fig. 1. Thermal ellipsoid plot (Barbour, 2001) of Cu2(C2H3O2)2(C13H14N2)2 at the 50%
probability level; hydrogen atoms are drawn as spheres of arbitrary radius.
Tetra-µ-acetato-κ8O:O'-bis{[4-methyl-2-(m- tolylamino)pyridine-κN]copper(II)}
Crystal data
[Cu2(C2H3O2)4(C13H14N2)2] Z = 2
Mr = 759.78 F(000) = 788
Triclinic, P1 Dx = 1.437 Mg m−3
Hall symbol: -P 1 Mo Kα radiation, λ = 0.71073 Å
a = 8.2489 (4) Å Cell parameters from 9994 reflections
b = 14.2110 (7) Å θ = 2.4–28.3°
c = 16.4484 (8) Å µ = 1.27 mm−1
α = 107.798 (1)° T = 295 K
β = 101.971 (1)° Prism, blue
γ = 97.661 (1)° 0.40 × 0.10 × 0.10 mm




diffractometer 7963 independent reflections
Radiation source: fine-focus sealed tube 6719 reflections with I > 2σ(I)
graphite Rint = 0.030
ω scans θmax = 27.5°, θmin = 1.4°
Absorption correction: multi-scan
(SADABS; Sheldrick, 1996) h = −10→10
Tmin = 0.631, Tmax = 0.884 k = −18→18
21605 measured reflections l = −21→21
Refinement
Refinement on F2 Primary atom site location: structure-invariant direct
methods
Least-squares matrix: full Secondary atom site location: difference Fourier map
R[F2 > 2σ(F2)] = 0.066
Hydrogen site location: inferred from neighbouring
sites
wR(F2) = 0.231 H-atom parameters constrained
S = 1.12
w = 1/[σ2(Fo
2) + (0.0917P)2 + 6.9746P]
where P = (Fo
2 + 2Fc
2)/3
7963 reflections (Δ/σ)max = 0.001
442 parameters Δρmax = 1.01 e Å−3
0 restraints Δρmin = −0.91 e Å−3
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2)
x y z Uiso*/Ueq
Cu1 0.86052 (8) 0.69737 (5) 0.46112 (4) 0.03279 (19)
Cu2 0.79744 (9) 0.63662 (5) 0.28585 (4) 0.0358 (2)
N1 0.9016 (6) 0.7346 (4) 0.6058 (3) 0.0375 (10)
N2 0.6928 (7) 0.8250 (4) 0.6207 (3) 0.0477 (13)
H2 0.6773 0.8115 0.5647 0.057*
N3 0.7634 (7) 0.5752 (4) 0.1414 (3) 0.0446 (12)
N4 0.7788 (10) 0.7301 (4) 0.1219 (4) 0.0630 (18)
H4 0.7981 0.7548 0.1785 0.076*
O1 0.6452 (6) 0.7438 (4) 0.4354 (3) 0.0503 (11)
O2 0.6044 (6) 0.7040 (4) 0.2906 (3) 0.0508 (11)
O3 0.9404 (6) 0.7729 (4) 0.3116 (3) 0.0502 (11)
O4 0.9801 (6) 0.8244 (3) 0.4577 (3) 0.0503 (11)
O5 1.0020 (6) 0.5821 (4) 0.3059 (3) 0.0494 (11)
O6 1.0653 (6) 0.6426 (4) 0.4532 (3) 0.0515 (12)
O7 0.6626 (6) 0.5144 (4) 0.2927 (3) 0.0528 (12)
O8 0.7303 (6) 0.5625 (4) 0.4395 (3) 0.0515 (11)
C1 0.5674 (8) 0.7429 (5) 0.3606 (4) 0.0399 (12)
C2 0.4178 (10) 0.7926 (6) 0.3580 (5) 0.0582 (19)supplementary materials
sup-3
H2A 0.3212 0.7470 0.3134 0.087*
H2B 0.4435 0.8530 0.3442 0.087*
H2C 0.3930 0.8096 0.4146 0.087*
C3 0.9957 (7) 0.8375 (4) 0.3880 (4) 0.0403 (13)
C4 1.0904 (10) 0.9404 (5) 0.3968 (6) 0.0580 (18)
H4A 1.1758 0.9680 0.4522 0.087*
H4B 1.0124 0.9847 0.3948 0.087*
H4C 1.1430 0.9339 0.3491 0.087*
C5 1.0947 (7) 0.5954 (5) 0.3810 (4) 0.0400 (12)
C6 1.2513 (9) 0.5518 (6) 0.3873 (5) 0.0572 (18)
H6A 1.3469 0.6033 0.4267 0.086*
H6B 1.2708 0.5273 0.3297 0.086*
H6C 1.2362 0.4971 0.4096 0.086*
C7 0.6589 (8) 0.5004 (5) 0.3637 (5) 0.0437 (14)
C8 0.5583 (10) 0.4005 (5) 0.3577 (6) 0.0594 (19)
H8A 0.5146 0.4097 0.4087 0.089*
H8B 0.6304 0.3526 0.3554 0.089*
H8C 0.4658 0.3758 0.3051 0.089*
C9 1.0151 (8) 0.6885 (5) 0.6409 (4) 0.0458 (14)
H9 1.0743 0.6525 0.6042 0.055*
C10 1.0498 (8) 0.6906 (5) 0.7262 (4) 0.0474 (15)
H10 1.1312 0.6579 0.7466 0.057*
C11 0.9612 (8) 0.7425 (5) 0.7821 (4) 0.0416 (13)
C12 0.8430 (8) 0.7908 (5) 0.7484 (4) 0.0402 (13)
H12 0.7829 0.8269 0.7845 0.048*
C13 0.8138 (7) 0.7852 (4) 0.6601 (4) 0.0331 (11)
C14 0.9903 (11) 0.7440 (7) 0.8763 (5) 0.063 (2)
H14A 0.8965 0.7633 0.8987 0.095*
H14B 1.0929 0.7918 0.9123 0.095*
H14C 0.9999 0.6779 0.8777 0.095*
C15 0.5887 (8) 0.8861 (5) 0.6609 (4) 0.0404 (13)
C16 0.6562 (9) 0.9697 (5) 0.7366 (4) 0.0438 (13)
H16 0.7715 0.9842 0.7644 0.053*
C17 0.5539 (10) 1.0326 (5) 0.7719 (4) 0.0511 (16)
C18 0.3834 (11) 1.0100 (7) 0.7289 (6) 0.066 (2)
H18 0.3136 1.0516 0.7515 0.079*
C19 0.3146 (11) 0.9265 (7) 0.6527 (7) 0.072 (2)
H19 0.1999 0.9125 0.6239 0.086*
C20 0.4190 (9) 0.8643 (6) 0.6201 (5) 0.0518 (16)
H20 0.3733 0.8070 0.5699 0.062*
C21 0.6282 (15) 1.1255 (7) 0.8540 (6) 0.080 (3)
H21A 0.5907 1.1829 0.8436 0.120*
H21B 0.7497 1.1377 0.8678 0.120*
H21C 0.5912 1.1148 0.9027 0.120*
C22 0.7531 (11) 0.4764 (5) 0.1082 (4) 0.0535 (17)
H22 0.7495 0.4395 0.1460 0.064*
C23 0.7473 (11) 0.4248 (5) 0.0217 (5) 0.0571 (18)
H23 0.7372 0.3551 0.0019 0.068*
C24 0.7568 (9) 0.4778 (5) −0.0355 (4) 0.0495 (15)supplementary materials
sup-4
C25 0.7643 (11) 0.5799 (6) −0.0030 (5) 0.0568 (18)
H25 0.7676 0.6179 −0.0399 0.068*
C26 0.7669 (9) 0.6269 (5) 0.0855 (4) 0.0461 (14)
C27 0.7588 (13) 0.4265 (6) −0.1297 (5) 0.069 (2)
H27A 0.7902 0.3625 −0.1358 0.104*
H27B 0.8394 0.4683 −0.1454 0.104*
H27C 0.6480 0.4159 −0.1681 0.104*
C28 0.7628 (9) 0.7992 (5) 0.0763 (4) 0.0479 (15)
C29 0.6370 (9) 0.7780 (6) 0.0001 (5) 0.0509 (16)
H29 0.5640 0.7149 −0.0241 0.061*
C30 0.6161 (10) 0.8499 (6) −0.0424 (5) 0.0590 (18)
C31 0.7265 (13) 0.9410 (7) −0.0052 (7) 0.075 (2)
H31 0.7166 0.9898 −0.0318 0.090*
C32 0.8540 (15) 0.9624 (7) 0.0719 (7) 0.085 (3)
H32 0.9281 1.0252 0.0962 0.102*
C33 0.8715 (10) 0.8916 (6) 0.1122 (5) 0.0600 (19)
H33 0.9569 0.9064 0.1638 0.072*
C34 0.4771 (12) 0.8248 (9) −0.1222 (6) 0.083 (3)
H34A 0.5157 0.8512 −0.1636 0.124*
H34B 0.3845 0.8540 −0.1068 0.124*
H34C 0.4400 0.7527 −0.1485 0.124*
Atomic displacement parameters (Å2)
U11 U22 U33 U12 U13 U23
Cu1 0.0316 (3) 0.0375 (4) 0.0286 (3) 0.0092 (3) 0.0081 (3) 0.0095 (3)
Cu2 0.0371 (4) 0.0404 (4) 0.0286 (3) 0.0096 (3) 0.0090 (3) 0.0092 (3)
N1 0.040 (3) 0.043 (3) 0.031 (2) 0.015 (2) 0.0123 (19) 0.009 (2)
N2 0.060 (3) 0.060 (3) 0.028 (2) 0.035 (3) 0.016 (2) 0.010 (2)
N3 0.057 (3) 0.046 (3) 0.031 (2) 0.014 (2) 0.008 (2) 0.013 (2)
N4 0.111 (6) 0.044 (3) 0.033 (3) 0.016 (3) 0.017 (3) 0.013 (2)
O1 0.050 (3) 0.071 (3) 0.035 (2) 0.029 (2) 0.0111 (19) 0.018 (2)
O2 0.042 (2) 0.073 (3) 0.039 (2) 0.025 (2) 0.0098 (19) 0.017 (2)
O3 0.057 (3) 0.046 (2) 0.045 (3) 0.003 (2) 0.016 (2) 0.014 (2)
O4 0.060 (3) 0.042 (2) 0.043 (2) 0.000 (2) 0.012 (2) 0.0105 (19)
O5 0.050 (3) 0.062 (3) 0.043 (2) 0.026 (2) 0.019 (2) 0.017 (2)
O6 0.044 (2) 0.075 (3) 0.040 (2) 0.029 (2) 0.0148 (19) 0.016 (2)
O7 0.057 (3) 0.046 (3) 0.046 (3) −0.001 (2) 0.016 (2) 0.007 (2)
O8 0.058 (3) 0.047 (3) 0.044 (2) 0.000 (2) 0.008 (2) 0.017 (2)
C1 0.037 (3) 0.044 (3) 0.043 (3) 0.014 (2) 0.012 (2) 0.019 (3)
C2 0.055 (4) 0.076 (5) 0.061 (4) 0.038 (4) 0.021 (3) 0.034 (4)
C3 0.034 (3) 0.037 (3) 0.052 (4) 0.008 (2) 0.015 (3) 0.016 (3)
C4 0.059 (4) 0.046 (4) 0.073 (5) 0.004 (3) 0.028 (4) 0.023 (3)
C5 0.035 (3) 0.040 (3) 0.047 (3) 0.008 (2) 0.013 (3) 0.017 (3)
C6 0.045 (4) 0.069 (5) 0.066 (5) 0.025 (3) 0.021 (3) 0.026 (4)
C7 0.032 (3) 0.038 (3) 0.059 (4) 0.007 (2) 0.014 (3) 0.013 (3)
C8 0.054 (4) 0.039 (3) 0.082 (5) 0.005 (3) 0.022 (4) 0.015 (3)
C9 0.045 (3) 0.062 (4) 0.036 (3) 0.024 (3) 0.014 (3) 0.017 (3)supplementary materials
sup-5
C10 0.046 (3) 0.065 (4) 0.037 (3) 0.024 (3) 0.008 (3) 0.021 (3)
C11 0.043 (3) 0.050 (3) 0.037 (3) 0.011 (3) 0.014 (2) 0.020 (3)
C12 0.047 (3) 0.048 (3) 0.030 (3) 0.016 (3) 0.013 (2) 0.015 (2)
C13 0.035 (3) 0.035 (3) 0.030 (3) 0.008 (2) 0.011 (2) 0.009 (2)
C14 0.077 (5) 0.090 (6) 0.047 (4) 0.038 (5) 0.028 (4) 0.040 (4)
C15 0.045 (3) 0.041 (3) 0.040 (3) 0.016 (3) 0.018 (3) 0.014 (2)
C16 0.050 (4) 0.044 (3) 0.043 (3) 0.014 (3) 0.017 (3) 0.017 (3)
C17 0.071 (5) 0.047 (4) 0.042 (3) 0.023 (3) 0.027 (3) 0.014 (3)
C18 0.060 (5) 0.074 (5) 0.075 (5) 0.035 (4) 0.033 (4) 0.021 (4)
C19 0.045 (4) 0.086 (6) 0.086 (6) 0.031 (4) 0.021 (4) 0.023 (5)
C20 0.046 (4) 0.055 (4) 0.053 (4) 0.020 (3) 0.013 (3) 0.014 (3)
C21 0.117 (8) 0.058 (5) 0.057 (5) 0.031 (5) 0.024 (5) 0.002 (4)
C22 0.082 (5) 0.046 (4) 0.037 (3) 0.017 (3) 0.019 (3) 0.018 (3)
C23 0.083 (5) 0.036 (3) 0.045 (4) 0.008 (3) 0.017 (4) 0.006 (3)
C24 0.058 (4) 0.046 (3) 0.035 (3) 0.007 (3) 0.014 (3) 0.002 (3)
C25 0.085 (5) 0.052 (4) 0.037 (3) 0.013 (4) 0.023 (3) 0.017 (3)
C26 0.058 (4) 0.044 (3) 0.035 (3) 0.005 (3) 0.011 (3) 0.014 (3)
C27 0.098 (7) 0.063 (5) 0.040 (4) 0.014 (4) 0.027 (4) 0.004 (3)
C28 0.060 (4) 0.043 (3) 0.044 (3) 0.012 (3) 0.019 (3) 0.016 (3)
C29 0.051 (4) 0.057 (4) 0.044 (3) 0.002 (3) 0.013 (3) 0.020 (3)
C30 0.058 (4) 0.073 (5) 0.063 (5) 0.022 (4) 0.032 (4) 0.034 (4)
C31 0.099 (7) 0.058 (5) 0.080 (6) 0.018 (5) 0.025 (5) 0.039 (5)
C32 0.108 (8) 0.053 (5) 0.085 (7) −0.006 (5) 0.011 (6) 0.031 (5)
C33 0.060 (4) 0.054 (4) 0.056 (4) 0.001 (3) 0.005 (3) 0.016 (3)
C34 0.065 (5) 0.130 (9) 0.066 (5) 0.033 (6) 0.019 (4) 0.045 (6)
Geometric parameters (Å, °)
Cu1—O1 1.985 (4) C10—H10 0.9300
Cu1—O4 1.961 (5) C11—C12 1.384 (8)
Cu1—O6 1.963 (4) C11—C14 1.511 (9)
Cu1—O8 1.956 (5) C12—C13 1.398 (8)
Cu1—N1 2.215 (5) C12—H12 0.9300
Cu1—Cu2 2.6576 (9) C14—H14A 0.9600
Cu2—O2 1.968 (4) C14—H14B 0.9600
Cu2—O3 2.001 (5) C14—H14C 0.9600
Cu2—O5 1.957 (5) C15—C20 1.369 (9)
Cu2—O7 1.981 (5) C15—C16 1.380 (9)
Cu2—N3 2.208 (5) C16—C17 1.391 (9)
N1—C9 1.345 (8) C16—H16 0.9300
N1—C13 1.362 (7) C17—C18 1.382 (11)
N2—C13 1.357 (7) C17—C21 1.515 (10)
N2—C15 1.418 (7) C18—C19 1.384 (12)
N2—H2 0.8600 C18—H18 0.9300
N3—C26 1.344 (8) C19—C20 1.384 (10)
N3—C22 1.325 (9) C19—H19 0.9300
N4—C26 1.386 (9) C20—H20 0.9300
N4—C28 1.409 (9) C21—H21A 0.9600
N4—H4 0.8600 C21—H21B 0.9600supplementary materials
sup-6
O1—C1 1.259 (7) C21—H21C 0.9600
O2—C1 1.236 (7) C22—C23 1.376 (9)
O3—C3 1.255 (8) C22—H22 0.9300
O4—C3 1.245 (8) C23—C24 1.379 (10)
O5—C5 1.254 (8) C23—H23 0.9300
O6—C5 1.262 (7) C24—C25 1.373 (10)
O7—C7 1.248 (8) C24—C27 1.503 (9)
O8—C7 1.251 (8) C25—C26 1.397 (9)
C1—C2 1.501 (8) C25—H25 0.9300
C2—H2A 0.9600 C27—H27A 0.9600
C2—H2B 0.9600 C27—H27B 0.9600
C2—H2C 0.9600 C27—H27C 0.9600
C3—C4 1.513 (9) C28—C29 1.373 (10)
C4—H4A 0.9600 C28—C33 1.367 (10)
C4—H4B 0.9600 C29—C30 1.413 (10)
C4—H4C 0.9600 C29—H29 0.9300
C5—C6 1.503 (9) C30—C31 1.360 (12)
C6—H6A 0.9600 C30—C34 1.464 (12)
C6—H6B 0.9600 C31—C32 1.390 (14)
C6—H6C 0.9600 C31—H31 0.9300
C7—C8 1.509 (9) C32—C33 1.371 (12)
C8—H8A 0.9600 C32—H32 0.9300
C8—H8B 0.9600 C33—H33 0.9300
C8—H8C 0.9600 C34—H34A 0.9600
C9—C10 1.362 (9) C34—H34B 0.9600
C9—H9 0.9300 C34—H34C 0.9600
C10—C11 1.390 (9)
O8—Cu1—O4 168.87 (19) C10—C9—H9 117.5
O8—Cu1—O6 90.3 (2) C9—C10—C11 118.7 (6)
O4—Cu1—O6 89.0 (2) C9—C10—H10 120.6
O8—Cu1—O1 89.5 (2) C11—C10—H10 120.6
O4—Cu1—O1 88.3 (2) C10—C11—C12 118.1 (6)
O6—Cu1—O1 165.03 (19) C10—C11—C14 120.8 (6)
O8—Cu1—N1 90.72 (19) C12—C11—C14 121.0 (6)
O4—Cu1—N1 100.40 (19) C11—C12—C13 120.0 (5)
O6—Cu1—N1 96.21 (18) C11—C12—H12 120.0
O1—Cu1—N1 98.76 (18) C13—C12—H12 120.0
O8—Cu1—Cu2 84.27 (14) N1—C13—N2 114.9 (5)
O4—Cu1—Cu2 84.61 (14) N1—C13—C12 121.6 (5)
O6—Cu1—Cu2 83.56 (13) N2—C13—C12 123.5 (5)
O1—Cu1—Cu2 81.53 (13) C11—C14—H14A 109.5
N1—Cu1—Cu2 174.98 (14) C11—C14—H14B 109.5
O5—Cu2—O2 168.97 (19) H14A—C14—H14B 109.5
O5—Cu2—O7 89.7 (2) C11—C14—H14C 109.5
O2—Cu2—O7 90.7 (2) H14A—C14—H14C 109.5
O5—Cu2—O3 90.1 (2) H14B—C14—H14C 109.5
O2—Cu2—O3 86.8 (2) C20—C15—C16 119.8 (6)
O7—Cu2—O3 165.6 (2) C20—C15—N2 118.6 (6)
O5—Cu2—N3 90.5 (2) C16—C15—N2 121.5 (6)supplementary materials
sup-7
O2—Cu2—N3 100.4 (2) C15—C16—C17 120.7 (7)
O7—Cu2—N3 95.3 (2) C15—C16—H16 119.6
O3—Cu2—N3 99.0 (2) C17—C16—H16 119.6
O5—Cu2—Cu1 83.70 (13) C18—C17—C16 118.5 (7)
O2—Cu2—Cu1 85.41 (13) C18—C17—C21 120.6 (7)
O7—Cu2—Cu1 82.92 (14) C16—C17—C21 120.9 (8)
O3—Cu2—Cu1 82.78 (14) C17—C18—C19 121.2 (7)
N3—Cu2—Cu1 173.93 (14) C17—C18—H18 119.4
C9—N1—C13 116.6 (5) C19—C18—H18 119.4
C9—N1—Cu1 113.6 (4) C20—C19—C18 119.0 (8)
C13—N1—Cu1 129.2 (4) C20—C19—H19 120.5
C13—N2—C15 127.8 (5) C18—C19—H19 120.5
C13—N2—H2 116.1 C15—C20—C19 120.8 (7)
C15—N2—H2 116.1 C15—C20—H20 119.6
C26—N3—C22 116.8 (6) C19—C20—H20 119.6
C26—N3—Cu2 127.7 (4) C17—C21—H21A 109.5
C22—N3—Cu2 115.2 (4) C17—C21—H21B 109.5
C26—N4—C28 127.2 (6) H21A—C21—H21B 109.5
C26—N4—H4 116.4 C17—C21—H21C 109.5
C28—N4—H4 116.4 H21A—C21—H21C 109.5
C1—O1—Cu1 125.2 (4) H21B—C21—H21C 109.5
C1—O2—Cu2 122.2 (4) N3—C22—C23 124.4 (6)
C3—O3—Cu2 123.2 (4) N3—C22—H22 117.8
C3—O4—Cu1 123.4 (4) C23—C22—H22 117.8
C5—O5—Cu2 124.1 (4) C22—C23—C24 119.2 (6)
C5—O6—Cu1 123.7 (4) C22—C23—H23 120.4
C7—O7—Cu2 123.7 (4) C24—C23—H23 120.4
C7—O8—Cu1 123.3 (4) C23—C24—C25 117.4 (6)
O2—C1—O1 125.1 (6) C23—C24—C27 121.8 (7)
O2—C1—C2 118.5 (6) C25—C24—C27 120.8 (7)
O1—C1—C2 116.4 (6) C24—C25—C26 120.1 (7)
C1—C2—H2A 109.5 C24—C25—H25 120.0
C1—C2—H2B 109.5 C26—C25—H25 120.0
H2A—C2—H2B 109.5 N3—C26—N4 115.7 (6)
C1—C2—H2C 109.5 N3—C26—C25 122.0 (6)
H2A—C2—H2C 109.5 N4—C26—C25 122.2 (6)
H2B—C2—H2C 109.5 C24—C27—H27A 109.5
O4—C3—O3 125.7 (6) C24—C27—H27B 109.5
O4—C3—C4 116.8 (6) H27A—C27—H27B 109.5
O3—C3—C4 117.5 (6) C24—C27—H27C 109.5
C3—C4—H4A 109.5 H27A—C27—H27C 109.5
C3—C4—H4B 109.5 H27B—C27—H27C 109.5
H4A—C4—H4B 109.5 C29—C28—C33 119.7 (7)
C3—C4—H4C 109.5 C29—C28—N4 121.9 (7)
H4A—C4—H4C 109.5 C33—C28—N4 118.3 (7)
H4B—C4—H4C 109.5 C28—C29—C30 121.5 (7)
O5—C5—O6 124.5 (6) C28—C29—H29 119.3
O5—C5—C6 118.9 (6) C30—C29—H29 119.3
O6—C5—C6 116.6 (6) C31—C30—C29 117.4 (8)supplementary materials
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C5—C6—H6A 109.5 C31—C30—C34 123.1 (8)
C5—C6—H6B 109.5 C29—C30—C34 119.5 (8)
H6A—C6—H6B 109.5 C30—C31—C32 121.1 (8)
C5—C6—H6C 109.5 C30—C31—H31 119.4
H6A—C6—H6C 109.5 C32—C31—H31 119.4
H6B—C6—H6C 109.5 C33—C32—C31 120.5 (8)
O7—C7—O8 125.5 (6) C33—C32—H32 119.7
O7—C7—C8 117.3 (6) C31—C32—H32 119.7
O8—C7—C8 117.1 (7) C32—C33—C28 119.8 (8)
C7—C8—H8A 109.5 C32—C33—H33 120.1
C7—C8—H8B 109.5 C28—C33—H33 120.1
H8A—C8—H8B 109.5 C30—C34—H34A 109.5
C7—C8—H8C 109.5 C30—C34—H34B 109.5
H8A—C8—H8C 109.5 H34A—C34—H34B 109.5
H8B—C8—H8C 109.5 C30—C34—H34C 109.5
N1—C9—C10 124.9 (6) H34A—C34—H34C 109.5
N1—C9—H9 117.5 H34B—C34—H34C 109.5
O8—Cu1—Cu2—O5 −86.6 (2) Cu2—Cu1—O8—C7 −4.0 (5)
O4—Cu1—Cu2—O5 93.9 (2) Cu2—O2—C1—O1 −0.5 (10)
O6—Cu1—Cu2—O5 4.4 (2) Cu2—O2—C1—C2 −179.9 (5)
O1—Cu1—Cu2—O5 −177.0 (2) Cu1—O1—C1—O2 7.4 (10)
O8—Cu1—Cu2—O2 95.1 (2) Cu1—O1—C1—C2 −173.1 (5)
O4—Cu1—Cu2—O2 −84.3 (2) Cu1—O4—C3—O3 −0.7 (9)
O6—Cu1—Cu2—O2 −173.9 (2) Cu1—O4—C3—C4 179.5 (5)
O1—Cu1—Cu2—O2 4.8 (2) Cu2—O3—C3—O4 5.0 (9)
O8—Cu1—Cu2—O7 3.9 (2) Cu2—O3—C3—C4 −175.2 (5)
O4—Cu1—Cu2—O7 −175.6 (2) Cu2—O5—C5—O6 2.5 (9)
O6—Cu1—Cu2—O7 94.8 (2) Cu2—O5—C5—C6 −178.3 (5)
O1—Cu1—Cu2—O7 −86.5 (2) Cu1—O6—C5—O5 3.7 (10)
O8—Cu1—Cu2—O3 −177.5 (2) Cu1—O6—C5—C6 −175.5 (5)
O4—Cu1—Cu2—O3 3.0 (2) Cu2—O7—C7—O8 4.3 (9)
O6—Cu1—Cu2—O3 −86.6 (2) Cu2—O7—C7—C8 −176.4 (4)
O1—Cu1—Cu2—O3 92.1 (2) Cu1—O8—C7—O7 1.2 (9)
O8—Cu1—N1—C9 73.9 (5) Cu1—O8—C7—C8 −178.1 (4)
O4—Cu1—N1—C9 −106.6 (5) C13—N1—C9—C10 −1.2 (10)
O6—Cu1—N1—C9 −16.5 (5) Cu1—N1—C9—C10 −172.9 (6)
O1—Cu1—N1—C9 163.6 (5) N1—C9—C10—C11 1.0 (12)
O8—Cu1—N1—C13 −96.5 (5) C9—C10—C11—C12 −0.7 (10)
O4—Cu1—N1—C13 83.0 (5) C9—C10—C11—C14 177.8 (7)
O6—Cu1—N1—C13 173.1 (5) C10—C11—C12—C13 0.9 (10)
O1—Cu1—N1—C13 −6.9 (5) C14—C11—C12—C13 −177.6 (7)
O5—Cu2—N3—C26 −117.0 (6) C9—N1—C13—N2 −175.8 (6)
O2—Cu2—N3—C26 61.6 (6) Cu1—N1—C13—N2 −5.6 (8)
O7—Cu2—N3—C26 153.3 (6) C9—N1—C13—C12 1.3 (9)
O3—Cu2—N3—C26 −26.8 (6) Cu1—N1—C13—C12 171.5 (4)
O5—Cu2—N3—C22 56.7 (6) C15—N2—C13—N1 −176.0 (6)
O2—Cu2—N3—C22 −124.7 (6) C15—N2—C13—C12 6.9 (11)
O7—Cu2—N3—C22 −33.1 (6) C11—C12—C13—N1 −1.2 (9)
O3—Cu2—N3—C22 146.9 (5) C11—C12—C13—N2 175.7 (6)supplementary materials
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O8—Cu1—O1—C1 −92.0 (6) C13—N2—C15—C20 −134.6 (7)
O4—Cu1—O1—C1 77.1 (6) C13—N2—C15—C16 49.4 (10)
O6—Cu1—O1—C1 −2.5 (12) C20—C15—C16—C17 −0.3 (10)
N1—Cu1—O1—C1 177.4 (5) N2—C15—C16—C17 175.7 (6)
Cu2—Cu1—O1—C1 −7.7 (5) C15—C16—C17—C18 −0.6 (10)
O5—Cu2—O2—C1 −13.1 (15) C15—C16—C17—C21 −178.9 (7)
O7—Cu2—O2—C1 78.8 (5) C16—C17—C18—C19 0.4 (13)
O3—Cu2—O2—C1 −87.0 (5) C21—C17—C18—C19 178.7 (9)
N3—Cu2—O2—C1 174.4 (5) C17—C18—C19—C20 0.8 (14)
Cu1—Cu2—O2—C1 −4.0 (5) C16—C15—C20—C19 1.5 (11)
O5—Cu2—O3—C3 −88.6 (5) N2—C15—C20—C19 −174.6 (7)
O2—Cu2—O3—C3 80.8 (5) C18—C19—C20—C15 −1.7 (13)
O7—Cu2—O3—C3 0.7 (12) C26—N3—C22—C23 0.6 (12)
N3—Cu2—O3—C3 −179.1 (5) Cu2—N3—C22—C23 −173.8 (7)
Cu1—Cu2—O3—C3 −5.0 (5) N3—C22—C23—C24 1.6 (13)
O8—Cu1—O4—C3 −5.3 (15) C22—C23—C24—C25 −2.7 (12)
O6—Cu1—O4—C3 81.3 (5) C22—C23—C24—C27 177.3 (8)
O1—Cu1—O4—C3 −84.0 (5) C23—C24—C25—C26 1.8 (12)
N1—Cu1—O4—C3 177.4 (5) C27—C24—C25—C26 −178.2 (8)
Cu2—Cu1—O4—C3 −2.4 (5) C22—N3—C26—N4 −179.6 (7)
O2—Cu2—O5—C5 4.1 (15) Cu2—N3—C26—N4 −6.0 (10)
O7—Cu2—O5—C5 −87.9 (5) C22—N3—C26—C25 −1.6 (11)
O3—Cu2—O5—C5 77.7 (5) Cu2—N3—C26—C25 172.0 (6)
N3—Cu2—O5—C5 176.8 (5) C28—N4—C26—N3 −171.1 (7)
Cu1—Cu2—O5—C5 −5.0 (5) C28—N4—C26—C25 10.9 (13)
O8—Cu1—O6—C5 78.6 (5) C24—C25—C26—N3 0.4 (12)
O4—Cu1—O6—C5 −90.3 (5) C24—C25—C26—N4 178.3 (8)
O1—Cu1—O6—C5 −10.7 (12) C26—N4—C28—C29 44.1 (12)
N1—Cu1—O6—C5 169.4 (5) C26—N4—C28—C33 −139.0 (8)
Cu2—Cu1—O6—C5 −5.6 (5) C33—C28—C29—C30 −0.4 (11)
O5—Cu2—O7—C7 78.3 (5) N4—C28—C29—C30 176.4 (7)
O2—Cu2—O7—C7 −90.7 (5) C28—C29—C30—C31 0.5 (12)
O3—Cu2—O7—C7 −11.1 (12) C28—C29—C30—C34 −178.3 (8)
N3—Cu2—O7—C7 168.8 (5) C29—C30—C31—C32 −0.4 (14)
Cu1—Cu2—O7—C7 −5.4 (5) C34—C30—C31—C32 178.4 (10)
O4—Cu1—O8—C7 −1.1 (15) C30—C31—C32—C33 0.1 (17)
O6—Cu1—O8—C7 −87.5 (5) C31—C32—C33—C28 0.1 (16)
O1—Cu1—O8—C7 77.5 (5) C29—C28—C33—C32 0.0 (13)
N1—Cu1—O8—C7 176.3 (5) N4—C28—C33—C32 −176.9 (9)
Hydrogen-bond geometry (Å, °)
D—H···A D—H H···A D···A D—H···A
N2—H2···O1 0.86 1.99 2.830 (6) 165
N4—H4···O3 0.86 2.18 2.964 (8) 152supplementary materials
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Fig. 1